Introduction
Groundnut [Peanut] (Arachis hypogaea L.) is one of the world's most popular oil seed crops which is grown as an annual plant but perennial growth is possible in climates which are warm until harvest. It is best cultivated in well drained sandy or sandy loam soils with pH ranging from 5.5 to 6.5. Its high content of oil and protein makes it an important commodity for both human use and livestock feed. Moreover, shells are sometimes used as fuel, for the generation of electricity.
Although, excessive use of mineral fertilizers negatively affects soil environment and reduces profit margins farmers gain, it occurs to boost crop production to meet the increasing demands of consumers. Optimization of mineral fertilization is the key for optimizing groundnut production, as it has very high nutrient requirements. Contrarily, severe mineral nutrient deficiencies due to inadequate and imbalanced use of nutrients is one of the major factors responsible for low yield [] (Kabir et al., 2013) . The productivity of groundnut depends on proper selection of variety, fertilizer management and other management practices [] (Lourduraj, 1999) . Nitrogen (N) is required by plants in comparatively larger amounts than other elements, some of which comes from biological nitrogen fixation and the rest is added as a fertilizer. Other nutrients plants need such as phosphorus, calcium and other elements are also needed for good seed formation [ (Asiedu et al., 2000) . Phosphorus (P) is the second major essential nutrient element for crop growth and good quality yield with the most obvious effect on the plant root system. The requirement of P in nodulating legumes is higher compared to non-nodulating crops as it plays a significant role in nodule formation and fixation of atmospheric nitrogen [] (Brady and Well, 2002) .
Groundnut seeds are mainly comprised of protein, fat and carbohydrate and that is what make it sensitive to radiation induced stress, but unlike the suppressive effect high gamma rays (0. [
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] Lukanda et al. ( 2013) stated that gamma rays produce radicals that can damage and affect differentially plant morphology, anatomy, biochemistry, and physiology depending on the irradiation level. They added that lower exposures to gamma rays were sometimes stimulatory and that several studies reported improvement of agronomic characteristics by using gamma radiation.
This study was carried out to study the possibility of reducing mineral fertilization levels and coupling it with irradiating seeds with low gamma doses that has been reported to promote growth of several plants aiming at compensating the expected negative effect resulting from reduced fertilization levels.
II. Materials and Methods
Two field trials were carried out in the two successive summer seasons of 2009 and 2010 in an experimental field in Belbaise, Sharkia Governorate, Egypt, to study the effect of low gamma radiation doses and reduced NPK fertilizer levels on vegetative growth, yield attributes and protein content in cv. Giza 6 groundnut plants.
1.1.
Treatments: 1.1.1. Nitrogen fertilizer levels (main plot) under experiment were either 30 or 60 kg N/ fad., in the form of Ammonium sulphate (20.6 % N). Quantities were divided into three equal portions and applied at sawing, a month latter and 50 days from plantation. 1.1.2. Gamma irradiation doses (sub-plot) of 0, 10, 20 and 30 Gy were investigated in this trial, and were applied via a self-contained dry-storage gamma irradiator with caesium-137 as a radiation source. 1.1.3. Phosphorus and potassium fertilizers (sub-sub-plot) were added in the form of calcium super phosphate (15.5 % P 2 O 5 ) and potassium sulphate (48 % K 2 O) at four different levels, i.e.; 15.5 P 2 O 5 + 24 K 2 O kg/ fad, 15.5 P2O5 + 48 K2O kg/ fad, 31 P 2 O 5 + 24 K 2 O kg/ fad and 31 P 2 O 5 + 48 K2O kg/ fad. The phosphorus fertilizer was added during seed bed preparation and the potassium fertilizer was added at plantation. Gypsum was added to the soil during seed bed preparation at the rate of 750 kg/ fad and the seeds were sown in hills, 10 cm apart, on ridges in on mid-May in both seasons. Normal cultural practices for groundnut were applied as recommended all through the growing season, and latter, manual harvest was on mid-September. Vegetative characteristics recorded in this study were plant height (cm), number of branches/ plant and number of pods/ plant. As for the leaf area, it was measured at three stages, 75, 90 and 105 days from planting, and it was determined using the disk method according to [] Johanson (1967 (2) The experiment was laid out in a factorial arrangement (2 nitrogen fertilizer levels) x (4 gamma irradiation doses) x (4 phosphorus and potassium fertilizer levels) in a randomized complete block design where each experimental unit (plot) contained 5 ridges, 4 m long and 60 cm apart. All the data was analyzed by analysis of variance (ANOVA) which is the procedure used for testing the differences between the means of two or more treatment, and the differences between means were detected using least significant difference (L.S.D.) P > 0.05 according to [] Gomez and Gomez (1984) . Results for the main treatments only are presented and discussed in this study.
III. Results and Discussion
As shown in Tables (1-7) , gamma irradiation, N and PK fertilizer levels significantly affected all characteristics under investigation (except for protein (%) that was insignificantly affected by gamma irradiation and PK fertilizer levels). Results presented in Table 1 show that increases in gamma irradiation dose, N and PK fertilizer levels were always correlated with increases in plant height, with exception when the irradiation dose raised from 10 to 20 Gy in season 2009. It was also noticed that with the application of 15.5 Kg P/ fad., increasing K levels from 24 to 48 Kg/ fad., resulted insignificant increases in plant height in both seasons.
Results also revealed that, with except for increasing the irradiation dose from 10 to 20 Gy in season 2010, all increments in radiation doses, N and PK fertilizer levels, were correlated with significant increases in number of branches/ plant. In this regard, [] Salve and Gunjal (2011) reported that the application of 50 and 75 kg P2O5, as well as 30 and 45 kg K2O/ ha to groundnut were at par with each other but significantly increased plant height and spread compared to the application of 25 kg P2O5, and 30 and 45 kg K2O/ ha, respectively. That are also in agreement with results of [] Gobarah et al. (2006) who reported an increase in vegetative growth when P levels was increased from 30 to 60 Kg P/ fad. Similarly, number of pods/ plant recorded significant increases as a result of increasing irradiation dose and N fertilizer level. In this regard, it is worth mentioning that a variety named JL24 recorded a 37 % increase in the number of pods/ plant in response to a 100 Gy dose [ 
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] (Lukanda,et al., 2013) . On the other hand, it was found that doubling K application levels with the application of 31 kg P/ fad., resulted in insignificant increases in the number of pods/ plant in both seasons under investigation. In this regard, [] Shiyam (2010) reported that, different phosphorus levels insignificantly affected plant height and number of branches/ plant while it significantly affected the number of filled pods/ plants, with 40 kg P2O5/ ha recording the best result. Ramachandran and Goud (1983) , who reported that higher doses of gamma irradiation reduced plant height, number of leaves and branching capacity of safflower.
[] Kiong et al. (2008) reported that radiation caused reduction in endogenous growth regulators, especially cytokinins, as a result of break down, or lack of synthesis and noticed that treating seeds with high rates of gamma radiation reduced germination with a corresponding decline in plant growth.
[] Shakoor et al. (1978) attributed decreased shoot and root lengths at higher doses of gamma rays to reduced mitotic activity in meristamatic tissues. On the other hand, positive effects of low doses of gamma rays irradiation on plant growth may be due to the stimulation of cell division or elongation, or the alteration of metabolic processes that affect the synthesis of phytohormones or nucleic acids On the other hand, Leaf area data presented in table 2 followed a stable pattern of significant increments that occurred as a result of increasing the irradiation dose, N and PK fertilizer levels applied.
As shown in Table 3 , LAI increases after 75, 90 and 105 days after planting as a result of increasing radiation dose and N fertilizer levels in both seasons under investigation. As for the effect of PK fertilization on LAI after 75 days, each increase in P or K was correlated with a significant increase in LAI. Later, after 90 days, increases of LAI were significant when P was doubled. On the other hand, doubling the K level with the lower P level in season 2009, only resulted in a significant increase in LAI .After 105 days from sowing, increasing the P fertilizer levels only resulted in significant increases in LAI in both seasons, while K was of a minor effect. Here, it is worth mentioning that [ Error! Bookmark not defined. ] Salve and Gunjal (2011) reported that uptake of N, P and K significantly increased with the increased levels of potassium fertilization, which might explain the enhanced vegetative growth that occurred in response to increased K quantities. Table 4 shows that irradiating groundnut seeds with 10, 20 and 30 Gy resulted in 13.8, 17.5 and 23.9 % increases in the number of seeds/ 100 pods compared to the control in season 2009 and 12.9, 18.6 and 25.2 % increases in the latter season. Similarly, significant increases were recorded in both seasons as a result of increasing N from 30 to 60 Kg N/ fad. As for the effect of P and K fertilization levels on the number of seeds/ 100 pods, doubling quantities of either mineral, resulted in significant increases in values recorded. Pod weight/ plant and seed weight/ plant values shown in the same Table, follow an almost similar trend, were increases in radiation doses and N quantity resulted in significant increases in records. The only detected insignificant increase was recorded in season 2010 for the pod weight/ plant when the irradiation dose was increased from 10 to 20 Gy. In this regard, it was found that increasing the P and K levels from 15.5 and 24 to 31 and 48 P2O5 and K2O, respectively led to significant increases in pod weight/ plant and seed weight/ plant in both seasons under investigation.
As shown in Table 5 , each increase in gamma dose, N and PK fertilization rate was correlated with a significant increase in the weight of 100 seeds and pod yield. This trend persisted in shelling (%), but irradiation showed a slight deviation, 10 Gy significantly increased shelling (% )but differences between consecutive doses proved to be insignificant. Such results are in harmony with results of , who reported that increasing NPK rate as a single of in combination application has a beneficial effect on groundnut yield attributes. They attributed the significant increase of number of pods/ plant, weight of 100 seeds and seed yield to the application of NP and added that NP application at 60: 60 kg/ fad., resulted in the best morphological characteristics which eventually led to greater pod yield. They added that further increase of N and P levels beyond 60 Kg/ fad., for each element, tended to depress N and P uptake, number of pods/ plant, 100 seed weight and pod yield.
Results are also in accordance with that of [] Patra et al., (1995) reported regarding the increased pod yield and root-shoot ratio as a result of N addition. Nitrogen is known to be an important determinant of plant growth and development, and this might explain the increased yield in response to increased N application.
As shown in Table 6 , seed yield recorded significant increases with each increases in radiation dose, N and PK application rate. Such effect was also noticed in straw and biological yields in response to increments in radiation doses and N fertilizer levels In this regard, ] Kabir et al. (2013) reported that increases in P fertilizer levels were correlated with significant increases in straw and biological yields (kg/ ha.).
[ Error! Bookmark not defined. ] Shiyam (2010) also, reported that groundnut seed yield significantly increased when 30 and 40 kg P2O5/ ha were applied. They recorded reduced seed yield in plots fertilized with 50 kg P2O5 /ha and stated that it might be a reflection of the suppressive effect of phosphorus on pod filling,. As for the effect of PK application levels, it was noticed that straw and biological yields showed significant increases when P or K levels were doubled but insignificant differences between 15.5 P2O5 + 48 K2O and 31 P2O5 + 24 K2O were recorded for both characteristics in both seasons under investigation.
Such result was unlike to the results reported by 2006) who reported increased yield and yield components and improved seed quality in response to increasing P levels from 30 to 60 Kg/ Fed. Such increases might be due to the increase in phosphorus levels which is known to help in developing extensive root system that helps the plant in absorbing water and nutrients efficiently, which in turn enhances the plant to produce more assimilates which was reflected in higher biomass.
[ Error! Bookmark not defined. ] Kabir et al. (2013) also stated that it might be attributed to its role in activating the metabolic processes and contributing in building phospholipids and nucleic acid. Moreover P is an important nutrient for all the crops in general and legumes in particular and takes a part in the production of ATP [] (Malavolta et al., 1997) and plays a significant role in energy transformation in plant and in seed formation. Moreover, Potassium is known for its ability to increase yield and improve quality. It also plays an essential role in photosynthesis and pod development in groundnut [] (Burkhart and Collins, 1941 ). As presented in Table 7 , seed oil content recorded significant increases in response to factors under investigation and it was noticed that the 20 and 30 Gy treatments in season 2009 and the 10 and 20 Gy treatments in the latter season showed insignificant differences in between. Significance was also detected with each increase in mineral fertilizer levels. Similarly, oil yield recorded significant increases with increments in N and PK fertilizer levels. Moreover, significant increases in oil yield were recorded in response to increasing irradiation doses in both seasons, though, 10 and 20 Gy showed an insignificant difference in-between in season 2010 only. As for the protein content (%), only raising N fertilization rate from 30 to 60 Kg N/ fad., led to a significant increase in protein (%). In this regard, [ 
] Salve and Gunjal (2011) stated that the application of potassium did not influence yield attributes (dry pod and haulm yields and protein and oil yields). Moreover, [ Error! Bookmark not defined. ] Ibrahim and Eleiwa (2008) reported significantly high oil and protein (%) values in groundnut seeds when NPK were applied at a rate of 60:60:50 Kg/ fad., compared to 30:30:25 Kg/ fad. They stated that this might be due to the enhanced absorbion of nutrients from the soil solution resulting from their abundance when higher fertilization rates were applied, and hence promoted better assimilation leading to higher oil and protein content. Moreover, higher oil yield/ hectare and unaltered seed oil content were recorded for Crambe abssynica Hoechst (an oilseed crop belonging to the Brassicaceae family, with high oil content, and thus a material for biodiesel production) as a result of increasing ) who reported a significant increase in protein content when P application rate was increased from 30 to 60 Kg/ fad., while statistical significance was not detected in the oil content increase.
Phosphorus has also been reported to be an important nutrient for all crops in general and legumes in particular, since it is a key constituent of ATP and plays a significant role in energy transformation in plant and also plays various roles in seed formation [] (Sanker et al., 1984) . Moreover, increased yields due to phosphorus fertilizers might be attributed to its role in building phospholipids and nucleic acids and hence activating the metabolic process [] (Marschner, 1986) . It also stimulates root formulation, growth, increases nitrogen fixation [ More et al. 2002) , aids in nodule formation, and increases the protein and mineral content in groundnut kernel.
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